The objective of these experiments was to determine adaptation by ruminants to dietary sulfur. In Exp. 1, lambs (n = 54; BW = 33.6 ± 0.4 kg) were allotted to 3 treatments: 1) 0% added dietary S (0%S), 2) 0.2% added dietary S (0.2%S), or 3) 0.4% added dietary S (0.4%S). Sulfur was added to the diet as Na 2 SO 4 . Lambs fed the 0.2%S and 0.4%S diets had greater (P < 0.01) ADG and G:F compared to those fed the 0%S diet. There was time × diet interaction (P < 0.01) on ruminal hydrogen sulfide gas (H 2 S) concentrations. Ruminal H 2 S was not detected in lambs fed 0%S at any time. Ruminal H 2 S were not affected (P > 0.19) by diet on d 1 or 8; however, H 2 S were greater (P < 0.01) for lambs fed 0.2%S and 0.4%S than for lambs fed 0%S on d 15, 22, and 29 (0.2% was 931, 846, and 1,131 mg/L and 0.4% was 975, 737, and 1,495 mg/L on d 15, 22, and 29, respectively). These data suggest it takes at least 29 d for peak ruminal H 2 S to occur after exposure to Na 2 SO 4 . In Exp. 2, lambs (n = 66; BW = 51.1 ± 0.4 kg) were allotted to 3 treatments: 1) 60% dried distillers grains with solubles (DDGS), 2) corn-based diet with Na 2 SO 4 , or 3) corn-based diet with H 2 SO 4 . All diets were formulated to contain 0.4%S. Lambs fed Na 2 SO 4 had greater (P < 0.05) ADG, DMI, and G:F than those fed H 2 SO 4 or 60% DDGS. A time × diet interaction occurred (P < 0.01) for ruminal H 2 S. There was no difference (P = 0.82) in H 2 S of lambs on d 1. However, at d 14 and 27 lambs fed supplemental Na 2 SO 4 had the lowest H 2 S concentrations while lambs fed 60% DDGS had the greatest (P < 0.01 on both d); lambs fed H 2 SO 4 were intermediate and different than both. These data suggest that at the same dietary S concentration, acidic S sources increased H 2 S and decreased DMI and ADG. In Exp. 3, Angus cross calves (n = 72; average initial BW = 324 ± 3 kg) were allotted to 3 treatments: 1) corn-based control d 0 through 85 (0%DDGS), 2) gradual step up to 60% DDGS diet (20% DDGS d 0 to 6, 40% DDGS d 7 to 13, 50% DDGS d 14 to 20, and 60% DDGS d 21 to 85; Step-up), or 3) 60% DDGS d 0 to 85 (60%DDGS). Overall, cattle fed 0%DDGS had increased (P < 0.05) DMI and ADG compared with those fed 60%DDGS or Step-up, and G:F was not affected (P = 0.42) by dietary treatment. On d 14, ruminal H 2 S concentrations were greater (P < 0.01) for cattle fed 60%DDGS and Step-up than for those fed 0%DDGS, and they did not differ (P ≥ 0.22) between DDGS-containing diets. These data illustrate that source of S impacts ruminal S metabolism and that S from DDGS is more readily reduced than S from Na 2 SO 4 or H 2 SO 4 .
INTRODUCTION
Increasing dietary inclusion of dried distillers grains with solubles (DDGS) increased dietary S content (Klopfenstein et al., 2008) and reduced ruminal pH, due in part to H 2 SO 4 used in ethanol production and left in the DDGS (Felix and Loerch, 2011) . Sulfur-induced polioencephalomalacia (PEM) involves the bacterial reduction of sulfate to sulfide (S 2-) and the protonation of S 2-to hydrogen sulfide gas (H 2 S; Beauchamp et al., 1984) . Elevated concentrations of H 2 S in the rumen increased the incidence of S-induced PEM (Gould, 1998) . Recent research suggests sulfate-reducing bacteria (SRB) may require time to adapt to dietary S, and this may be important when transitioning cattle to DDGS-based finishing diets that exceed the maximum tolerable concentration for S (Drewnoski et al., 2012) . Effective diet adaptation strategies to mitigate the negative consequences of high dietary DDGS are needed. Data on the abrupt exposure of ruminants to different sources of dietary S and the effects on ruminal H 2 S are lacking. We hypothesized that abrupt inclusion of S or 60% DDGS in the diet, to increase dietary S, would not increase ruminal H 2 S gas concentrations or reduce intake compared to a gradual increase in dietary inclusion. Furthermore, we hypothesized that ruminal H 2 S gas concentrations increase rapidly after feeding a diet with elevated S and that this increase is more prominent when acidic sources of S are fed (e.g., H 2 SO 4 , DDGS) than when more neutral or basic sources (e.g., Na 2 SO 4 ) are fed. Three experiments were conducted to test these hypotheses. The objective of Exp. 1 was to determine the effects of dietary S concentration and time of S exposure on H 2 S concentration and DMI of lambs. The objective of Exp. 2 was to determine effects of 3 sources of dietary S on DMI, ADG, and ruminal H 2 S concentrations over a 27-d period. The objective of Exp. 3 was to determine the effects of adaptation to 60% dietary DDGS on ruminal H 2 S concentration and performance of steers.
MATERIALS AND METHODS
All animal procedures were approved by the Institutional Animal Care and Use Committee of The Ohio State University and followed guidelines recommended in the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 2010) .
Experiment 1
Animals and Diets. Hampshire × Dorsett ewe lambs (n = 54; BW = 33.6 ± 0.4 kg) were weighed on 2 consecutive days, blocked by BW, and randomly allotted to 1 of 3 treatments within each block (6 pens/ block, 3 lambs/pen, and 18 pens total). Dietary treatments (Table 1) were 1) 0% added dietary S (0%S), 2) 0.2% added dietary S (0.2%S), or 3) 0.4% added dietary S (0.4%S). Sulfur was added to the diet as Na 2 SO 4 , a readily available source of S in the rumen, and the 0%S diet contained 0.11% S on a DM basis. All lambs were fed the 0%S diet for 8 wk before the experiment. On d 1 of the experiment, lambs were abruptly switched to the treatment diets. The experiment was conducted at the Ohio Agricultural Research and Development Center Sheep Center in Wooster, OH. Pens (1.5 by 4.9 m) were on expanded metal floors and each lamb had access to at least 0.4 m of feed bunk space. Diets were fed in a complete pellet and feed was offered once daily at 0800 h for ad libitum intake. Feed refusals were weighed and recorded daily (before feed delivery) for the duration of the 29 d experiment. Water was available at all times.
Sampling and Analysis. Feed samples, collected every 14 d, were composited, freeze-dried (Freeze Dryer 8; Labconco, Kansas City, MO), and then ground using a Wiley mill (1 mm screen; Arthur H. Thomas, Philadelphia, PA). All samples were analyzed for DM (24 h at 100°C). All freeze-dried samples were subjected to perchloric acid digestion and inductively coupled plasma atomic emission spectroscopy analysis to determine concentrations of P, K, Ca, Mg, S, Al, B, Cu, Fe, Mn, Mo, Na, Zn, Co, and Se (method 975.03; AOAC, 1988) . Feed samples were also analyzed for ADF and NDF (using Ankom Technology methods 5 and 6, respectively; Ankom 200 Fiber Analyzer; Ankom Technology, Fairport, NY), CP (method 930.15; AOAC, 1996) , and fat (using the ether extract method; Ankom Technology). The trial ended after 29 d on feed. Lambs were weighed before feeding on d 7, 14, and 21, and to determine final BW, lambs were weighed on d 28 and 29.
Ruminocentesis. To observe the effects of each treatment on ruminal S metabolism, samples of rumen gas were collected and analyzed for H 2 S concentration using a procedure adapted from Gould et al. (1997) . In short, the skin of the left paralumbar fossa was shaved with surgical shears, scrubbed with 5% betadine, then rinsed with 70% ethanol, and numbed with 1 mL of 2% lidocaine hydrochloride (VetOne through MWI Veterinary Supply, Boise, ID), injected subcutaneously. Ruminal gas was aspirated through the skin of the left paralumbar fossa at 4 h postfeeding via puncture with a sterile 16-gauge, 3.81-cm The experimental design for this study was a randomized complete block design with 3 treatments. Data were analyzed using the MIXED procedure of SAS (version 9.2; SAS Inst. Inc., Cary, NC).
Repeated measures were used to analyze the effects of sampling time on ruminal H 2 S using the covariance structure for unstructured data chosen based on the lowest Bayesian information criterion. Linear and quadratic contrasts were used to evaluate the effects of increasing dietary S concentration on dependent variables. Pen was the experimental unit. Significance was declared at P ≤ 0.05 and trends were discussed when 0.05 < P < 0.10.
Experiment 2
Animals and Diets. Sixty-nine 5-to 6-mo-old Hampshire × Dorsett ewe (n = 33) and wether (n = 36) lambs (BW = 51.1 ± 0.4 kg) were blocked by BW (heavy and light) and gender (male and female) and allotted to 23 pens with 3 lambs/pen. Lambs were fed a corn-based control diet with no supplemental S (0.11% S on a DM basis) for 56 d before an abrupt switch to the experimental diets. Experimental diets (Table 2) were 1) 60% DDGS-based diet, 2) corn-based diet supplemented with 1.4% Na 2 SO 4 , or 3) corn-based diet treated with 2.1% of 9 M H 2 SO 4 . All diets were formulated to contain 0.4% S. The remainder of the diets consisted of soybean hulls, ground corn, and supplemental protein, minerals, and vitamins. The DDGS in the current study was obtained from a single source (POET, Marion, OH) and contained 0.68% S. Diets were fed as complete pelleted feed. The second diet contained an added 1.4% Na 2 SO 4 (DM basis) to the complete pellet, which replaced corn. The third diet, treated with H 2 SO 4 , was manufactured by weighing 150 kg batches of corn DM into a small ribbon mixer and treating each batch with 2.6% of 9 M H 2 SO 4. The treated corn was then mixed with remaining dietary ingredients to provide a final diet that was 2.1% of 9 M H 2 SO 4. The pH of each diet was determined by combining 20 g of ground (2-mm screen) diet with 80 mL distilled water and mixing with a magnetic stir bar on a stir plate for 30 s and then recording the pH (Accumet excel XL25 dual channel pH/ion meter; Fisher Scientific, Pittsburgh, PA).
Diets were allotted within blocks to the 23 pens. The experiment was conducted at the Ohio Agricultural Research and Development Center Sheep Center in Wooster, OH, in the pens described for Exp. 1. Diets were fed in a complete pellet and fresh feed was offered once daily at 0800 h for ad libitum intake. Feed refusals were weighed and recorded daily (before feed delivery) for the duration of the experiment. Water was available at all times. One lamb was removed during the first week of the experiment due to lameness and was not replaced.
Sampling and Analysis. Feed samples, collected every 14 d, were collected and analyzed as described for Exp. 1. The trial ended after 27 d on feed. Initial and final BW were determined by taking the mean of 2 consecutive weights at the beginning and end of the experiment, respectively. An intermediate BW was taken on d 14.
Ruminocentesis. Ruminocentesis was performed on all lambs at 6 h postfeeding on d 1, 14, and 27 using the sampling and measurement procedures described in Exp. 1. Statistical Analysis. The experimental design for this study was a randomized complete block design with 3 treatments. Data were analyzed using the MIXED procedure of SAS (SAS Inst. Inc.). Treatment means were separated using the Least Squared Means statement and the PDIFF option in SAS. Repeated measures analyses were used to analyze the effects of sampling time on ruminal H 2 S using a compound symmetry covariance structure chosen based on the lowest Bayesian information criterion. Pen was the experimental unit. Significance was declared at P ≤ 0.05 and trends were discussed when 0.05 < P < 0.10.
Experiment 3
Animals and Diets. A group of 100 mixed gender Angus cross calves (10 to 12 mo old) was transitioned to a corn-based finishing diet (Table 3 ) over a period of 28 d. After this transition, 36 heifers and 36 steers were stratified by BW (average initial BW = 324.2 ± 2.7 kg) and allotted to 12 pens with 3 heifers and 3 steers/pen. The following 3 experimental treatments (Table 3) were randomly allotted to the 12 pens: 1) corn-based control d 0 through 85 (0%DDGS), 2) gradual step up to 60% DDGS diet (20% DDGS d 0-6, 40% DDGS d 7-13, 50% DDGS d 14-20, and 60% DDGS d 21-85;
Stepup), or 3) 60% DDGS d 0 through 85 (60%DDGS). The remainder of the diets consisted of cracked corn, 10% first cutting of orchard grass hay, and 15% supplement to provide protein, vitamins, and minerals to meet requirements (NRC, 2000) . Feed was offered for ad libitum consumption once daily at 0800 h. Feed refusals were weighed and recorded daily (before feed delivery) for the duration of the experiment. Water was available at all times. The DDGS used in this study was obtained from a single source (POET, Marion, OH) and contained 27.2% CP, 11.6% ether extractable fat, and 0.63% S (all on a DM basis). The experiment was conducted at the Eastern Ohio Agricultural Research and Development Center (Belle Valley, OH). Pens (7.3 by 37 m) are in an opensided barn and provided 70 cm of bunk space per calf.
Sampling and Analysis. Feed samples, collected every 14 d, were collected and analyzed as described for Exp. 1. The trial ended after 85 d on feed. Initial and final BW were determined by taking the mean of 2 consecutive weights at the beginning and end of the experiment, respectively. Intermediate BW were taken on d 14, 28, and 56.
Ruminocentesis. Ruminocentesis was performed on the same 2 animals/pen at 6 h postfeeding on d 14, 28, and 55 using the sampling and measurement procedures described above. Based on multiple experiments of this type and the variation for H 2 S concentrations in animals fed the same diets, 2 observations within an experimental unit and 4 experimental observations per treatment was adequate to determine expected treatment differences at P ≤ 0.05. Statistical Analysis. The experimental design for this study was a completely randomized design with 3 treatments. Data were analyzed using the MIXED procedure of SAS (SAS Inst. Inc.). Treatment means were separated using the Least Squared Means statement and the PDIFF option in SAS. Repeated measures were used to analyze the effects of sampling time on ruminal H 2 S using a compound symmetry covariance structure chosen based on the lowest Bayesian information criterion. Pen was the experimental unit. Significance was declared at P ≤ 0.05 and trends were discussed when 0.05 < P < 0.10.
RESULTS AND DISCUSSION

Experiment 1
Lambs fed both 0.2%S and 0.4%S had greater (P < 0.01) ADG and improved (P < 0.01) feed effi- There was a diet × day interaction (P < 0.01) on ruminal H 2 S concentration. Ruminal H 2 S was not detected in lambs fed the 0%S control diet at any sampling time during the experiment (Fig. 1) . Lambs fed the 0.2%S and 0.4%S diets had less than 500 mg H 2 S/L of ruminal gas through d 8 and were not different (P ≥ 0.19) than lambs fed 0%S diet; however, from d 15 to 29, lambs fed 0.2%S and 0.4%S diets had increased (P ≤ 0.02) H 2 S concentrations when compared to lambs fed the 0%S diet. Overall, increasing dietary S increased (linear, P < 0.01; quadratic, P = 0.02) ruminal H 2 S concentrations. Recent research suggests SRB may require time to adapt to dietary S, and this may be important when transitioning animals to distillers grains-based finishing diets that exceed the maximum tolerable level for S (Drewnoski et al., 2012) . We had hypothesized that ruminal H 2 S concentrations would increase rapidly after feeding a diet with elevated S; however, our data are in agreement with Drewnoski et al. (2012) and demonstrate that it takes at least 29 d for the SRB to achieve peak ruminal H 2 S production after abrupt exposure to diets containing a readily available source of S, Na 2 SO 4 . Monitoring SRB abundance and activity under such dietary treatments would be helpful in future experiments to build on this hypothesis. In this trial, H 2 S concentrations peaked at 1,131 and 1,495 mg/L for the lambs fed 0.2%S and 0.4%S, respectively. Gould et al. (1997) suggested that 2,000 mg/L is the concentration at which cattle are "at risk" of developing PEM. A similar "at risk" concentration of ruminal H 2 S has not been reported in sheep. In this experiment, no cases of PEM were documented, even when ruminal H 2 S concentration was above 2,000 mg/L.
None of the lambs fed the 0%S diet ever had detectable ruminal H 2 S concentrations (Fig. 2) . After the first day of feeding S, only 5.6% of the lambs fed the 0.2% added S diet had detectable ruminal H 2 S concentrations and none of the lambs fed 0.4%S had detectable ruminal H 2 S concentrations. However, by d 7, ruminal H 2 S was detectable in 44.4% of the lambs that received either 0.2%S or 0.4%S diets. By d 29, ruminal H 2 S was detected in 83% of the lambs receiving S treatment. These data suggest, however, that there may be some lambs that do not host SRB and, therefore, may never be susceptible to S-induced PEM. However, the majority of animals will have ruminal H 2 S present after at least 29 d on elevated S diets. Again, future rumen microbiological profiling work will help elucidate this.
Experiment 2
Lambs on the trial ate an average of 1.45 kg/d during the 14 d before dietary treatment application. After treatment initiation on d 1, lambs fed the Na 2 SO 4 treated corn (pH = 6.18) had greater (P < 0.01) DMI than those fed DDGS (pH = 4.57) or H 2 SO 4 treated corn (pH 4.01) for the entire trial (Table 5. This increased DMI caused a similar ADG response. Lambs fed Na 2 SO 4 had greater (P < 0.01) ADG throughout the trial than those fed the other 2 diets. Because of the differences in ADG and DMI, G:F was affected as well. Over the course of the trial, lambs fed Na 2 SO 4 were the most efficient (P < 0.01). This agrees with the findings from Exp. 1 where lambs supplemented with Na 2 SO 4 had improved feedlot performance. In this instance, however, the improvement in performance was likely a result of the increase in dietary pH. Although not measured in this study, increasing dietary pH may have reduced ruminal and, potentially, metabolic acidosis. Felix et al. (2012b) reported a linear decrease in feedlot lamb performance with increasing dietary inclusion of DDGS (coincident with linear reduction of dietary pH).
In that study, 60%DDGS diets contained only 0.35% S (Felix et al., 2012b) , close to the dietary S concentration of the present trial. These data suggest that acidic diets that also contain elevated S concentrations are more detrimental to animal performance than high S diets alone. Lambs fed the Na 2 SO 4 diet had ruminal H 2 S concentrations below 200 mg/L on d 1, 14, and 27 (Fig. 3 ). Lambs fed 60%DDGS had H 2 S concentrations under 200 mg/L on d 1, 2,200 on d 14, and 1,950 mg/L on d 27, respectively. Lambs fed the H 2 SO 4 treated corn had ruminal H 2 S concentrations below 200 mg/L on d 1. On d 14 and 27 H 2 S concentrations were 800 and 600 mg/L, respectively. There was a time × S source interaction (P < 0.01). At the same dietary S concentration, lambs fed acidic supplemental S sources had increased ruminal H 2 S concentrations and decreased DMI and ADG when compared to lambs fed the nonacidic source of S (i.e., Na 2 SO 4 ). Because most of the S in DDGS is presumed to come from H 2 SO 4 (Felix and Loerch, 2011) , we had hypothesized that lambs fed either H 2 SO 4 treated corn diets or DDGS diets would elicit similar ruminal H 2 S responses; however, even though dietary S concentrations were identical between these treatments, this was not the case. As stated previously, a ruminal H 2 S concentration above 2,000 mg/L is considered a risk for PEM in cattle (Gould et al., 1997) . That concentration as a benchmark in sheep may not be appropriate, but, for lack of a better point of reference, it will be used here. In this trial, only those lambs fed the DDGS-based diet were as risk for PEM, according to Gould et al. (1997) . These data suggest that dietary S concentration is not the only factor that reduces intake and growth when DDGS-based diets are fed to sheep and that dietary acidity may also play a role in increasing the risk of S-induced PEM. Therefore, other factors, in combination with acidity and elevated S concentrations, must contribute to elevated H 2 S concentrations and reduced animal growth performance in lambs that consume DDGS-based diets. These factors need to be explored further.
Experiment 3
Based on the results of Exp. 1, we hypothesized that there would be a delayed rise in ruminal H 2 S concentration following introduction of 60% dietary DDGS in Exp. a-c Means in the same row without a common superscript differ (P ≤ 0.05).
d,e Means in the same row without a common superscript differ (P < 0.10).
1
Step-up calves were on 20% DDGS diet from d 0 to 6, 40% DDGS diet from d 7 to 13, 50% DDGS diet from d 14 to 20, and 60% DDGS diet from d 21 to 85. Figure 1 . Effects of dietary S inclusion from sodium sulfate (Na 2 SO 4 ) on ruminal hydrogen sulfide gas (H 2 S) concentrations over time in sheep (Exp. 1). Sodium sulfate was included in the diet at either 0% of the diet DM (0%S; ♦), 0.2% of the diet DM (0.2%S; ■), or 0.4% of the diet DM (0.4%S; ▲). Linear and quadratic effects of S inclusion were detected (P ≤ 0.02). Effects of time were detected (P < 0.01). Error bars are associated with the time × S inclusion interaction (SEM = 105).
3. We also hypothesized that this delay would facilitate ruminal adaptation to DDGS-based diets and, because of that, a step-up program would not be necessary. These hypotheses were rejected. During d 1 to 14, cattle fed 60%DDGS had reduced (P < 0.01) ADG, DMI, and G:F compared with those fed 0%DDGS or DDGS Step-up (20% DDGS during wk 1 and 40% DDGS during wk 2; Table 6 ). From d 15 to 28, cattle fed 60%DDGS had lower (P < 0.05) DMI and tended (P < 0.10) to have lower ADG than those fed 0%DDGS. Cattle fed the Step-up treatment (50% DDGS during wk 3 and 60% DDGS during wk 4) had intermediate DMI and similar ADG when compared to those fed 60%DDGS from the start of the experiment. While weekly increases in DDGS attenuated the reduction in DMI observed with feeding 60%DDGS, it did not allow for an improvement in rate of gain compared with an abrupt dietary switch to 60%DDGS. This trend continued from d 29 to 55. Overall performance from d 1 to 85 indicated that little advantage was realized by a gradual increase in dietary DDGS. For the total trial, cattle fed 0%DDGS had greater (P < 0.05) DMI and rate of gain compared with those fed 60%DDGS or those gradually transitioned to 60%DDGS. Overall G:F was not affected (P = 0.42) by dietary treatment. On d 14, ruminal H 2 S concentrations were greater for cattle fed 60%DDGS and 40% DDGS during Stepup than for those fed 0%DDGS (Fig. 4) . The H 2 S concentrations were elevated after only a 14 d exposure to DDGS and they did not differ (P ≥ 0.22) between the 2 diets containing DDGS. This trend continued on d 28 and 56; thus, there was no effect (P = 0.24) of time for ruminal H 2 S concentration. According to Felix and Loerch (2011) , H 2 SO 4 remains in DDGS following ethanol production and contributes to dietary S and reduced ruminal pH. In a dose titration experiment with cattle, increasing dietary inclusion of DDGS (0, 20, 40, and 60% DM) caused ruminal pH of cattle to decrease linearly (Felix et al., 2012a) . Also, at a normal ruminal pH (5.5 to 6.0) more than 90% of HS -will be converted to H 2 S in the rumen. Although ruminal pH was not measured, due to the fact that the cattle used in this trial were not cannulated, cattle fed 60%DDGS immediately and those fed Step-up DDGS diets would most likely have had a reduced ruminal pH when compared to cattle fed 0%DDGS. These assumptions are based on previous research that suggests the protonation of HS -to H 2 S in the rumen is the favored pathway. Therefore, pH of the DDGS fed in this experiment could also have contributed to a decrease in ruminal pH.
These results do not support the findings in Exp. 1 that suggested ruminal adaptation was necessary before elevated concentrations of H 2 S were detected. However, Figure 2 . Effects of dietary S inclusion from sodium sulfate (Na 2 SO 4 ) on percentage of lambs testing positive for ruminal hydrogen sulfide gas (H 2 S) concentrations over time in Exp. 1. Sodium sulfate was included in the diet at either 0% of the diet DM (0%S; ♦), 0.2% of the diet DM (0.2%S; ■), or 0.4% of the diet DM (0.4%S; ▲). There was a time × S inclusion interaction (P < 0.01). Figure 3 . Effects of S source on ruminal hydrogen sulfide gas (H 2 S) concentrations over time in sheep (Exp. 2). Source of S was either dried distillers grains with solubles (DDGS; ♦), sodium sulfate treated corn (Na 2 SO 4 ; ■), or sulfuric acid treated corn (H 2 SO 4 ; ▲). Main effects of S source (P < 0.01) and time (P < 0.01) were detected. There was a time × S source interaction (P < 0.01). Error bars are associated with the time × S source interaction (SEM = 215). Step-up; ■), or 60% DDGS d 0 through 85 (60% DDGS; ▲). A main effect of diet transition was detected (P < 0.01). There were no effects of time or time × diet transition detected (P ≥ 0.24). Error bars are associated with the time × S source interaction (SEM = 658).
in Exp. 1, the source of dietary S was Na 2 SO 4 . In Exp. 2, where DDGS was tested, no ruminal adaptation was necessary before maximum H 2 S levels were observed. These data suggest that the source of dietary S has important effects on H 2 S concentration, independent of solubility or rumen availability. As reported by Felix et al. (2012a) , the acidity of DDGS may be an important characteristic of DDGS that influences S metabolism in the rumen. This acidity may also play a key role in the ADG responses observed. From d 1 to 14, ADG was reduced by 60% for the cattle fed 60%DDGS compared to a 16% reduction for those on the Step-up to DDGS treatment. It seems unlikely that this dramatic decrease in ADG was due to characteristics of ruminal S metabolism alone.
Conclusions
Taken together, results from these 3 experiments suggest that dietary S is not the only limiting factor for DDGS inclusion in sheep and cattle diets. Perhaps the more important aspect is the reduction in dietary pH with increasing DDGS in the diet. Therefore, when testing hypotheses on dietary S level, one should use caution in interpreting results that use nonacidic sources, that is, Na 2 SO 4 , as these data may not extrapolate to DDGSbased diets. Furthermore, more research is needed in the area of rumen microbiology to study effects on SRB populations and activity of these bacteria when DDGS and other dietary S sources are fed.
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